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THE FLORA AND FAUNA OF SURFACE WATERS 
POLLUTED BY ACID MINE DRAINAGE 


By James B. Lackey, Cylologist, U. S. Public Health Service, Stream Pollution 
Investigations Station, Cincinnati, Ohio 


One of the most noticeable features of streams or pools receiving 
drainage from coal mines, either active or abandoned, and their 
accompanying refuse piles, is the color, varying from almost clear to a 
deep copper or dark brown. In some instances the water may be 
clear but appear colored because the bed of the stream is entirely lined 
with a deposit of iron oxide. Such waters have long been known to 
be highly acid and to be destructive to fish and other aquatic life. 
When the economic aspects of lowering the acidity in such waters be- 
came apparent (/, 2), a number of States enlisted the aid of Federal 
and State agencies and instituted extensive acid-reducing operations. 
During the present investigation, studies were made, in West Virginia, 
of surface streams in which the acid concentration had been reduced by 
the sealing of mines and, in Indiana, of lakes, long, narrow, and often 
deep, which have been formed by damming the outlets of abandoned 
strip pits and raising the water level to cover exposed coal seams and 
mine waste “gob”’ piles. 

Following the improvement in certain streams and lakes, various 
State conservation agencies began to inquire about their biological 
condition, particularly with reference to fish stocking and propagation. 
In the spring of 1938, the Office of Stream Sanitation of the U. S. 
Public Health Service, furnishing technical supervision over the seal- 
ing of abandoned coal mines, authorized a brief biological survey of the 
acid streams and seepages in the region about Fairmont, West Vir- 
ginia, and of the lakes in southern Indiana.' Mining areas in eight 
counties in these States were visited, and general conditions resulting 
from acid mine drainage were studied, while the microbiology of over a 
hundred water samples was investigated. 

The acid in such waters is generally detrimental to living things 
with which it comes in contact, but just what plants and animals 
might actually tolerate such conditions seems to be unknown. It was 
anticipated that few organisms would be found living in such a re- 
strictive environment that submerged metal objects are quickly and 
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completely disintegrated and in which leaves, stones, and pieces of 
wood become encrusted with a heavy, stiff deposit of iron. Where 
small, quiet pools are formed, they may become filled with a yellow 
flocculent deposit, probably of iron compounds, having the appear- 
ance of mud, but which is often of such loose texture that objects will 
sink from sight in it. 

Aside from their varying color, between a clear, light brown and a 
deep, yellow brown, the swifter streams of these regions do not pre- 
sent an unusual appearance. Slowly flowing streams frequently show 
a brilliant, dark green coating on leaves, stones, and along their 
margins, and even stones in swift water are often so coated, while algal 
streamers and what appear to be fungal streamers are also common. 
Notes made on many streams of the two regions show, however, that 
only a very few species of plants and animals are to be found in them. 
Of all the samples studied microscopically, 62 had a hydrogen-ion 
concentration of 3.9 or less, and each of these was from streams 
having a distinctive brown color, either in the water or as a deposit on 
the bottom. Eight samples had pH values ranging from 4.0 to 4.9 
and were also easily distinguishable by the brown color. The re- 
maining samples had pH values between 5.8 and 7.2 and showed no 
brown color. Using color as an indication of acidity, notes were 
made concerning macroscopic aquatic plant life over a considerable 
area. 

No bryophytes except a few mosses were found in these acid waters. 
Moist, shaded stone faces never showed liverworts, and the only mosses 
were either Catharinea or a related form. The only pteridophytes 
actually growing in the waters were Isoetes, but Equisetum arvense was 
found in mud only a few inches from a stream whose pH was 3.2. 
Cattails (Typha latifolia) were observed in several streams, but no 
other spermatophyte was actually growing in the waters. In the strip 
pits in Indiana, cattails were frequently very abundant, often growing 
in several feet of water which showed no algae or other macroscopic 
plants. Wherever mine seeps or streams overflow their banks, all 
grass, herbaceous and shrubby growths, and trees were apparently 
dead, in most cases indisputably so; and such areas, even when no 
longer overflowed, remain ugly scars on the landscape. A sharp line 
of demarcation was noted between the actual water line and the ad- 
jacent mud or bank, where growth seemed normal, but actual contact 
was a killing contact. 

Animal life fares no better than plant life in these waters. If we 
except the microscopic forms, no sponges, hydras, platyhelminthine 
worms, mollusks, or vertebrates were found. Such earthworms as 
were found were dead, and they hardened very quickly. Of the 
arthropods, the only Crustacea were a few Gammarus in two streams 
whose pH values were 2.2 and 3.2. Great numbers of stones were 
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turned over and searched for insects, but few were found. The most 
abundant were Corethra sp. In both areas the empty pupa cases of 
this small fly were present in great abundance in all pools. Only two 
larvae were secured, however, despite much searching, and these were 
not identified as to species. In many of the Indiana strip pits, 
Chironomus larvae were frequent. Easily located by their bright 
red color, swimming individuals were easily dipped up, but those in 
the yellow deposit were difficult to secure. Whirligig beetles were 
numerous on the surface of the lakes. A quiet West Virginia pool, 
pH 2.4, showed a brood of mosquito larvae; several beetles and some 
Mayfly larvae were found in this same pool. A stream, pH 2.3, con- 
tained numerous caddis fly larvae, whose tracks were frequent in the 
flocculent deposits, and a few Mayfly larvae. 

Inquiry failed to reveal any instance of fish having been found in 
these acid streams or lakes. 

Microscopic life was somewhat more abundant. No bacterial 
samples were taken, but suitable samples frequently showed motile 
forms. The long, colorless or light brown streamers, at first believed 
to be fungi, proved to be bacterial masses, presumably in a zoogleal 
jelly. Fungi were surprisingly rare; colorless branching forms 
appeared in a few samples, and Galionella was abundant in four 
samples, but as a rule they were absent despite many attempts to 
scrape up supposed fungus growths. Algae were common in some 
streams, completely absent in others, and practically lacking in the 
strip pits. The first reaction to the brilliant dark green covering on 
submerged objects was that it consisted of blue-green algae, but 
actually no blue-greens were found at pH 3.7 or lower, and only one 
blue-green, Oscillatoria sp., was noted below pH 7.0. Five, possibly 
six, genera of green algae were found; Ulothriz zonata was common, 
and great growths waved in the clear cold waters of some streams. 
Stigeoclonium was also fairly abundant. Mougeotia and possibly a 
species of Cladophora occurred occasionally. The filamentous 
desmid Desmidium occurred sparingly in Indiana. One other small 
but abundantly branching alga, believed to be Phaeothamnion 
because of its yellow-brown chloroplasts, occurred in a number of 
samples. Hydrurus was not noted. 

Naviculoid diatoms were numerous in many samples; one species of 
Tabellaria was noted. 

Protozoa were more abundant. In the highly acid streams (pH 3.9 
or lower), 11 genera of flagellates, 7 rhizopods, and 12 ciliates were 
found. Species identifications were not attempted for some of the 
minute flagellates and for some of the ciliates because of the limited 
time. 
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Four species of Rotifera and one of Nematoda were also found; 
one rotifer was abundant everywhere and one only in the Indiana 
samples. 

Table 1 gives a summary of the occurrence of those organisms in the 
more acid waters. It includes all organisms of the samples up to pH 
4.8, except for nematodes and moss protonema at one mine, but does 
not include additional organisms which appeared at higher pH values. 
In streams or pools below a pH of 6.2, microscopic organisms com- 
prised only a few species; but at that value, or above, the number 
increased markedly. In some places at or above this pH it will be 
seen that the acid-tolerant species were present but were few in num- 
ber, in sharp contrast to their abundance in more acid samples. 

It cannot be argued that the small number of species at pH values 
below 4.8 is due to lack of pooling or age of water, for the samples 
were taken in accumulated debris and with a deliberate effort to get 
bottom-dwelling and crawling forms, in some cases from pools whose 
flow was small. Besides, the samples from the “Unnamed Pool,”’ 
“Salt Well’, and Eel River were taken, respectively, from a small 
body of water with a slight seepage (a few feet from a highly acid 
stream), from almost the point at which the water issued from the 
ground, and from a typical clear river with occasional pooling. This 
was done to show that surface waters, stagnant or running, and un- 
polluted by mine acid, contained typical species lists for such locations. 

The samples indicate a very decided tolerance for a highly acid ~ 
condition on the part of Actinophrys sol, Chlamydomonas sp., Chromu- 
lina sp., Euglena mutabilis, Oxytricha sp., Urotricha farcta, Navicula 
sp., Ulothrix zonata, and a rotifer, presumably of the genus Distyla. 
Pleuromonas jaculans also seems to favor the acid range. Of these 
10 organisms, Euglena mutabilis, Oxytricha, Navicula, and the rotifer 
were most abundant. The Euglena was especially so, being responsible 
for the green coating, spoken of previously, on sticks, leaves, and 
stones. Such a coating, often completely obscuring the surface be- 
neath, and at least a millimeter in thickness, comprised, at a con- 
servative estimate, over 1,000,000 organisms per square millimeter of 
surface. This one organism was the most characteristic of the highly 
acid streams. It was present in even the thinnest trickles over vertical 
faces of rock in some instances, extending well back into mine open- 
ings, where there is but little light. Inasmuch as it is a Euglena 
which is apparently devoid of a flagellum, its migrations to favored 
situations must be accomplished by crawling, and it is a vigorous 
mover by this method. If a bottle of water containing a large number 
of the organisms and a half inch of mud be vigorously shaken, the 
mud settles within two or three minutes, and in a half hour or less 
there is a green covering of Euglena on its surface. How the thick 





g 
8 
2 
< 


1503 


tht t+ 


t it+ 


+ !t+++ 3+} 


$i ittttttt FF 


' 


Ss a. ae 


HS = ot 


' 
' 


ccisalipdcddodicdtiodadadicslcdedadieledas 
cela dadoa anol ee Ob em 
patel Ae dicdoded od odcdthadiadas 
cel aalbediiadedttsdadedhectel- ake cedie: 
bre Le Le ee re 
Ft. tt ore |) ee et ee 
soap dis<Aneletegh- dt tl a dadicke dec 
plhadod ake de ARTE Al k- de dodaked 





“ds BASIC 





‘ds ummipruiseqy 


‘ds uojaurey4oouy g 








‘ds ssoydopely 





“ds Brjoasno0 jy 
‘ds wimyuopoesng 








BywUoZ XLIYIO[ 





“ds e1v[]9q8,L 
‘dds B[nd1ABn 
Soyet[!9 “pray 


BIB[OIOUB] BYIIIOINE J 














“ds wyaundxo | +++4+ 


‘ds spuowousdeig 


“ds B]]201110 4 
“ds Byoijoln 
‘ds snjdajoiy 
“ds wopol0lg 
“ds wimipypa4sy 


SUBI[MUIIS BLOONBI FE) 
WINGIVILVAIVUL WIN{IYIOJUI,) | 





























+3 





‘ds visiqdury | 

xojduils BlgBepONNy | 

jos sAsydouryy | 
B}VENIB SsSADOyIUBOY | 


podozyqa “pian 


BuleAY B[oUBUIye PT 
wNsoquUITTIg wMIpodol,yso) 























ed me ae nt PG abel a Dal bab 
She ee eee, 2 he 
ie ee 2 ere 2 2 2 ee 
- - i me a, Se Be as 
“l+/7° bs pa 38 oe eet ee 
Ded sphodkin MA) held oe 
Ne DF a 
dodeciedededl Liodododashelaaee 


xem] BydueylyeA | 


soyel[esey peyiuepiuy) | 








*J9A9}8qM Buyfood ou IIH survel}s JuoTNGIN} A£19A ‘410YS WI0Ij oUIBO satduTES ase} JO MY V 1 


[ee 
ee 
i++ +444: | 


++ 
++ 


Es 


‘ 
' 
' 
' 
‘ 
' 
‘ 
‘ 
' 
‘ 
' 
' 
‘ 
' 
' 
' 
' 


FEFFFFEFEF FFE FEF SF FEE FFF H+ 
SSRESSSSE-GARSTSNGSSCRNSATRNAT 


+H 


DDH DBDANTOOGOOCOCOSCSOCHKeKRE-ADFLBOAO 





0's 


rnd nidiaiciannaninaincadaiaiananaiaiaiana a aiaied 


s2-22"=--9p----- 
-20+29=-Qp----- 


“BUTS A 189M 
es me ern 


ee ae 


opaencnccenndaubeemerepsanemiiain od 
errr 09 [80D BAO 





que 
-said 


ym 


-10 jo 
0) 
-eds 

JO Jaq 

-wnN 


‘ds euelsng 
‘ds opog 


SI[IGBINU BuUE[sNy 


‘dds svuou1opAwtiq () 
ds uoAIqould 


Bsol9 SBUOWUIUJdAIY) 
“ds Buljnuroly,) 


SI[IQBIIBA BUIEUBIIP_ | 

wlo[yone SeuOUIO[eyoRL y, | 
uiNAO s|poujoode’T 
suBlnoe! sBUOWIOINE| I 












































Hd 





eeIg 








e[dures jo eoMOs 39430 JO CUTTY 





1 8497DM aUlum IDaU 


4o fiq pajnjjod 


s7D}QDY SG Ut Bursinzz0 swsiunbi0 91d 0980191 yy —"T 


aTaV 


































































































































































wat oe a) ee ts OT i rs oes Sas as abs abet abel Jat Pac fas Dass Pl Gs PP a sD 2 of apeieaner. oe Late WI1ID [BOD 
“ah. 3,8 2 kee ee ft elt +|-- “Tk ft ber tt td a Pe eed ee | 9 aeeeaee hice oe 1 RRGRUMABRIRER MRI e lee TL ‘ON 300j HOB [gL 
Ss ot ums PG bat GY IL RS a RD ab Dal DL Oat PRES use bt DP es Fb a faba Paes Fb Ba Det Sb abs Dab soc So a eal lt fl Del Heel fa “+ & etgneaam ., Ais eb Pemene ak es. Uny SiBMo}g 
“1.2 Ct eee Pee? ed oe ke Ph i ee ee Tee ee Raw 3! 8 eeeeeneteenie 2652 SUIBITITM 
eT a ta) a Pe re Trae LeeLee LLL LE eet Leer Se 2 ¢ sspgpaaes. ee ee ee edoy MON 
“ee Too. et oe ee 2 eS oe ed 2 eee Ie Ph et re ree 3 2 eines GRR MRE PPE Ldidan a YD 6 ON Joo; HoR[_ 
“1... ea te |) ee ee Pe ree te cl oe eee Pere TT ee tee: SA, SB EAE La lil od 
“ae te 1) eee “La 2 th Ak ee te tee 1 eee ree | temiie at en ee ee T ‘ON 9100170 
eS eT ETC LL eT LLL CCL UL LRT TLE ada.’ ¥..” 9 peeeeesomemereren ZI ON su0UIIey 
art tt te | ie race 2 bon ES ee sR el ws a os sy EME RD RAE Dad Sa 0 9 Sete. ee ee pee ere ee IID 19110 
mj PO PP DDD Du De fue De ue ue fetta Df ft Sue G feel SelB Del ft at Bl Pe Pel Del 2 | eames, ARR NMR nA. TON O12 ~eTT 
i. eee a oe PS oe oe oe Fee es Te 2 Pe es he ee oe ee en Ee Le ie 2 4 shea .. eh Qupeieetarae mE ROR BITepusA 
we PoE te ee es? ee Le ee LL ree eee Tere 0 2 gape eS Se ee ee ee ee od 
a tweet. tt ee en dk ee 2) ee re Le eee “+119 Se. a ee ce ee eee od 
Pree cs et ee 2 ee ee) ee to ee eee 2 ee > 5 Sew se , a CLEA A AMEE DENN ED GBR EP od 
a) . se. 2 eet tee a 2 oP a ae ke 2 oe Oe ee ee eee i. } epee. oe EE SONA eh. 8 ‘ON 9} poTT 
“Tt 2 ee fe eT eee oe 2 a Ts. fd oon Se et 2 fe) ee ) 9 Reta , EY osmosed ame saree €l ‘ON JOO; HOVT EA 
on tt a es) eee et et)? te ed ME Os pm a UT Oe ee 3 bs 4 eteceae, . db GORE abd ent LON 300} H08TE 
Helle edd tc dcdcdc cca dee) fee  Radbi agensstaeateseaanesaeer ss sabiu: IT [omer 
na. he ts Pe een Fh ee ee | Le eee eee bn LL te Pee ee ee ae tk 2 jpaegees « Bi ‘diet bliiss AIOE dipidctiae ds ] 1041g 
wa aa 2 2 oe ee) a dT a Pa TP een. St 88 oe eee 2 eee iy Beate —s s3ujidg winTy 
St Severe 2 sf fk fers ele er ee? A? Le 1 one eS ee 8 ene 2 ene te hf Noeeboeie — eS eee ee ee ee Teqsis yy 
“Lt. fact toe Tt ee eT oF ech eT be ST Pe a ee ee eee ta eon eee OS £ iaeaetebeds . JR elena epleiane 4. *-uny siequwy 
PTT ee ee eT TTT TT CCC LL CCL errs. 8s - “ZSEY KNORR RNRRRIRRAERLEGLeL JoAveFL 
stl el odd pelted dete dd effet fee [eect |, MR, RERRBRIRNE BSR salle Os aTepoary 
meted oped ded de dodo opal defo oped de te pede oppo ccdtle tc fis ove |-eranaana asa |--72neononnoeeeenen eee soownseq] 
mj SS Eff Dbl tl uD lft Bot ub Dub fl Bp ut Dt ub upp sD ub DBO A ua ebb qumenBeneieaRs. Lt. asedaag £1 100; x00 
pe Dab Jk aR DD FD gu HF aD DD yr DS a Je J De I Seneca sees peemmmeemisee sce bemoan nie jeued UY 
Bae mh HE eG ee ee PI, ae a me Bb} pemcceen yoy reresenseorrerernenire tian poomsayg 
si fb ub eb DD ub bb Dll Pt DP eb lub Gal ab tel ep il eb Ol De et eS De eee RGNROREE Te SEES OK IT Tomer 
al ees os Oe ese OD a tO a OD OD Dl nD ODO OD OO De OO OD One De aes Poorrenennrenet BULIPUT “U9)-poomsayg 
SE Stile ella wielol<iclallolelolale! zicd rl alpl >| <|a} a) alll lal slolol siz) a 
E EIRIFIEIEVeEIEISIEIEIEISISIEIS ISS SIE IEEE IBISISIBIPIEIE SIE IEIEIEIS|S|EIB|E 
IEVE VIELE SISIEIE Lo 2/6\ale\e lElSIEIE\EIEIE/S SIE EIEIEIELE BIBVBVE\SIEIE\E\Ele| 100 
oP IEIEISIS|SMISIFIEIZEIEIBIE(SIEISISIEISlS1= FISIEIEIE/SiSlol\nlelsiEl=i5\S|° | -seud 
be E|E|S|E\Elz IE lslE |S) s\ele le els|e\=\elelele ele islaleiel= le =iS|= (Sle (Elelel suis} 
glE lg ISIEIEISIE|@ |e lS P/F 15 |" 18 ie /BIF Ere |Elele le s\5/\¢ SSIS |e lale -uea 
TIEIP lels EIe Al 3] |S g\5/8 EIE|S/e\¢ cll isimlz -10 JO | Wd e819 edures Jo Sonos 030 Jo oul 
B > g | 3 S| ie\-| BE S\2\5| |=|2 Fs - Saj0 
? = , a BIE) |EllSlEis “13 = -ods 
5|& a BIE] |e 5|" le > 5 j0 10q 
g . E | |*| |?) | rena 
S E 5 
z 
- 


ponulzUuoH—siazpm suru svau so fig pajnyod syopqvy gE ut buisino00 swsiunbso d1doIs0121py¥—"| AIAV I], 





August 26, 1933 


*pejou A[[njeivo SBM SaN[VA FAd MO] WIOIJ asOy) JO dOUASaId 4Nq ‘aUIT} JO YOR] 0} FuLMO ‘popidu109 JOU SBM SUISTURZIO JO 4ST] OJO[U MIO ¥ ¢ 





rr iyac” 
re 


er er 
sae “sD 


91 


TN 


BEALE. 
+4+44+4+4 | 88 
ro 


a 2 or 
r=) 
S 
-_ 
ve 





z y it oclsz I onlt1 ee ee tee te te een O'S Hd MoTeq ssoueIINDIG 
b (nen ee: h6ULS lL ee $89UIL1INIIO [BIO], 


SD acetate se ae ee ee [00g JuBUsRIg 
V¥c.. "4. © peeepeeree tieeec: JUIN JOAN 
OR spp ee SR ORR ts bow Weelg [[eug 
Zz" 


wT7?c 





nik 
We 





i++ | SR 
+ 1+|e 
: N 
BABA een 
vr 
Citti tt 


ttt it tat | 


TD eit ener ee reat JIAIY PA 
me Os Oe ee 100d 


1505 


Piiitt++++1 > 


BERR EVEREST CS SRE 
Litt it i+t++4+4+4+4 | 


+ 

- 
Stititiiss 
Std it iF iF | 


FF Ftt44441 SS 
pb t tt tat it ttt ttt ttt ett 
+ 
© 
é 


08 3 \8 ; 1 Gailey ay ea dabeee tart aie cd OW UL eat 
8 “2 Bw co! bah RRRORRRRIe 
“19% ¢ \8 eae BR aoa ooreraonocnnsnosevenposis 490i) uoJassngy 
“"I-"I-"lgT g are. eons ee ees ere eee es WOJBOULI ‘JAIN VYAOIW 

aa l9 Sages Se Be ee ee uo [WIB ET 
nd m7 “ler 5 Be Pees ee Ce BIped 


SMe 1 AOE, REE EN 


' 
' 
‘ 


Ci ibit it i+4++4+4+1 5" 
S tttt+t+t+ (+ 15° 
BSR 
a 
~~ 








++FF44 | 





Cb i tttt itt 1 


[ier s 


a 
+ 
+? 
to 
Gor 
cs 


MATA i a ee 
RO em eke ee AIH AA 
ae +01 oO} S peppeara ee ee ee Jeamogung 
ee hinge, eile AEN ish WIOy “Og ‘I9ATY Byoed 
ddhtiga-. Opt ~~ = peer eweesserecsrecs’**"""@aB0D pus 41839 


. eee 2 
+ 
a 
= 
~ 


a 
aa 
+4. 
ie} 


pneneen wuvpuy |---~---~----"""="=""""--"g “ON JOO;RORTT 
Te ee . hi, mummies 
poeeesenh Op-~~--|-7=*77=""="*"""="""—"J9A TY BVYBSUOUOI, 
me OE hn | CW iemesmemcenecmmmsaingeaiansemin>s. OpTe AA 
“"|16 hd ttccoe: ORE LES RE aA yoolQ usa 


i+ itt i: 4 























CHER: FRESE 
a 
DE, DEES 


ttt itt: 














































































































+ it ittttt i+ } 
tt _ ee 
= 
ca 












August 26, 1938 1506 














colonies maintain themselves in the turbulent swift water on stones 
is a mystery. 

These Euglenas and Chromulinas (when present) constitute food for 
Oxytricha, Urotricha, Actinophrys and the rotifer Distyla. In addition, 
they are photosynthetic organisms. We do not know the products of 
metabolism and death of these organisms, but they may play an 
important part in beginning the return of the acids and minerals of 
the waters to a more neutral condition, just as the first lichens to 
invade a glaciated rock at once begin to break that rock into soil. 
Their presence in acid waters demonstrates once more that there are 
few environments on this earth not suitable to some form of life. 


SUMMARY 


The brief study outlined here indicates that— 
1. The most highly acid-polluted waters support a few species of 
microorganisms which occur in large numbers and are distinctive 
indicators of this acid condition. 

In many years of experience the writer has never encountered else- 
where in such abundance (except Oxytricha sp. and Pleuromonas 
jaculans) the ten most common species found in the highly acid waters 
of the area investigated. A high tolerance for low pH values by 
Pleuromonas jaculans has already been noted under laboratory condi- 
tions. Occasional tolerances or occasional findings as in the case of 
Lepocinclis ovum, which occurred in samples from Jewell II, Linton 
(Indiana), mine at a pH of 3.0 and a few specimens of Cinetochilum 
margaritaceum from Lamberts Run, West Virginia, occurring at pH 
3.2, are significant in extending the limits of pH range for these or- 
ganisms, but also indicate that they may not be safely used as indicator 
organisms for this particular condition. 

2. Under the extremely restrictive conditions of high acid concen- 
tration, there is a group of micro-organisms, present in abundance, 
which have the potentiality for becoming the first link in the food 
chain beginning with the microscopic organisms and reaching by way 
of the minute crustaceans and insects to the fishes. 

While their numbers are frequently large, their environment is 
prohibitive to other forms and it should be emphasized that large 
numbers of other species do not appear until the pH nears neutrality 
(in these waters, 6.2 or above). This stringency of environment is 
strikingly illustrated by some of the Indiana pit lakes, beautiful, clear, 
bluish-green bodies of water, but with no plants except cattails, no 
visible algae, but few protozoa and no sign of Copepoda or Cladocera, 
and devoid of fish life. 

3. It is entirely possible to determine the condition of the acid 
waters of these regions by biological surveys, not involving a knowl- 
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edge of large numbers of species, but by the relative abundance of a 
limited number of easily recognizable species. 
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STUDIES ON CHRONIC BRUCELLOSIS 
IV. An Evaluation of the Diagnostic Laboratory Tests * 


By Aurce C. Evans, Senior Bacteriologist; Franx H. Ropinson, Consultant; and 
Leona BAUMGARTNER, Acting Assistant Surgeon, United States Public Health 
Service, National Institute of Health 


INTRODUCTION 


The interpretation of the laboratory tests which have been de- 
veloped as aids in the diagnosis of human infection with organisms 
of the genus Brucella has presented difficulties. Diagnosis can be 
unquestionably established by isolating the organism from the patient, 


but this can be accomplished in only a relatively small percentage of 
cases. The protean manifestations of the disease and its occurrence 
in atypical, chronic, and latent forms make it imperative to obtain 
as complete an understanding as possible of the diagnostic significance 
of the various laboratory procedures. The present study of specific 
reactions in the chronic form of the disease is offered as a contribution 
to that end. 

The agglutination test has been used to detect Brucella infections 
since 1897, when it was introduced by Wright and Smith. A mini- 
mum titer of 1:80 is the one most commonly accepted as evidence of 
active infection, but opinions differ as to the validity of that inter- 
pretation. It is a common practice to regard a negative reaction or a 
low agglutinin titer as evidence against active Brucella infection. 
The fallacy in that assumption has been pointed out by a number of 
investigators who have cultivated Brucella from patients with nega- 
tive agglutination reactions (Burnet; Carpenter, Boak, and Chapman; 
Gilbert and Dacey; Evans; Meyer et al.; Taylor, Lisbonne, and Vidal; 
Huddleson, Johnson, and Beattie; Poston and Smith; Poston and 
Thomason; Huddleson, Munger, Gould, and Paulson). 

* Preceding papers of this series are as follows: 
I. Introduction. By Alice C. Evans. Pub. Health Rep., 82:1072 (1937). (Reprint 1844). 


IL. Description of techniques for specific tests. By Alice C. Evans. Pub. Health Rep., §2:1419 


(1937). (Reprint 1867.) 
III. Methods used in obtaining cultures. By Mary A. Poston. Pub. Health Rep., 53:1 (1938). 


(Reprint No. 1895.) 
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Another source of error in the interpretation of the agglutination 
reaction is the fact that the titer may remain high after recovery from 
the disease. Meyer and others observed some patients in whom the 
agglutinins disappeared rapidly from the blood, and others in whom 
relatively high titers were demonstrated a year or more after subsid- 
ence of symptoms. Olin, and also Carpenter, Boak, and Chapman, 
reported cases in which the agglutinins were retained for several 
years after recovery. 

Still another source of error in the interpretation of agglutination 
reactions is the fact that individuals exposed to infection may develop 
agglutinins without notable illness (Carpenter, Boak, and Chapman; 
Huddleson and Johnson; Jordan; Dooley; Huddleson, Munger, 
Gould, and Paulson). 

Fleischner and Meyer were the first to investigate cutaneous hyper- 
sensitiveness to a specific antigen as a test for Brucella infection. 
Burnet followed with an investigation which aided in making the 
test practical. Subsequently, many investigators have experimented 
with the use of this test.. The diversity of preparations used as 
antigens makes the correlation of their results difficult. Heathman, 
and Poston and Thomason used heat-killed cells. Taylor, Lisbonne, 
and Vidal used a filtered extract of the ground bacterial cells. Burnet; 
Dubois and Sollier, Bastai and Rotta, and Meyer and others used the 
filtrate of old cultures. Others (Fleischner and Meyer; Levin; Johns, 
Campbell and Tennant; and Huddleson) used an antigen from which 
the lipoid substances were removed. 

Generally a positive skin reaction is regarded as denoting the 
occurrence of past or present infection. That the infection which 
sensitizes the patient may be latent was pointed out by Meyer and 
Geiger, who investigated the cutaneous sensitivity of a large number 
of persons and found that the percentage of positive reactions was 
correlated with frequency of contact with infected animals. The 
percentage of positive reactions varied from 10.9 percent in a group 
of medical students to 60.3 percent in veterinarians. Heathman 
investigated cutaneous sensitiveness in workers in packing plants and 
found that, in general, the incidence of the allergic state increased 
with length of service. She obtained positive reactions in 54.7 per- 
cent of subjects, and from those results concluded that the intra- 
dermal test is of little value as a diagnostic aid. Other investigators 
have concluded that repeated contacts with the organism either by 
handling infected animals or by drinking infected milk may cause the 
development of a state of hypersensitiveness without symptoms of 
disease (Sorge; Bastai and Rotta; Dubois and Sollier; Huddleson 
and Johnson; Thomsen; Dooley; Johns, Campbell, and Tennant; 
McBride, Daniel, and Poston; Molinelli; Olin; Binder and Fauszt). 
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The retention of the hypersensitive state for long periods after 
recovery from the disease provides another source of confusion in 
interpreting positive skin reactions (Olmer; Dubois and Sollier; 
Taylor, Lisbonne, and Vidal; Olin). 

Although healthy individuals may be hypersensitive to Brucella 
antigen, nevertheless, the intradermal test has been found negative 
sometimes in patients in whom infection was proved by culture 
(Dubois and Sollier; Taylor, Lisbonne and Vidal; Poston and Thoma- 
son; Vedel, Puech and Janbon; Robinson and Evans). 

The imperfections of the agglutination and intradermal reactions 
led Huddleson, Johnson, and Hamann to investigate the possibility 
of the opsono-cytophagic reaction as a diagnostic aid in brucellosis. 
Huddleson concluded that individuals susceptible to the disease give 
a negative or very slight reaction; infected individuals give a negative, 
weak, or moderate reaction; and immune subjects give a marked 
reaction. Meyer and others confirmed the usefulness of the ospono- 
cytophagic test, but warned that it would be premature to accept 
Huddleson’s interpretations unconditionally. 

The estimations of the value of the agglutination, intradermal, and 
phagocytic reactions in the literature cited in the preceding paragraphs 
may be summarized, in general, as follows: A positive agglutination 
reaction is the most accurate indicator of present infection (Dubois 
and Sollier; Taylor, Lisbonne, and Vidal; Meyer and others; Keller, 
Pharris, and Gaub). However, it may be lacking in cases proved by 
culture; it may develop in latent infections; and it may be retained 
for years after recovery from the disease. The intradermal test is 
regarded as a less accurate indicator of present infection because the 
allergic state usually develops later than agglutinins and because it 
is generally retained for longer periods after recovery. The reported 
data are insufficient to make a comparable statement as to the value 
of the opsono-cytophagic test. 

The results of the present study may be expected to differ more or 
less from those of other investigators, because it differs from any 
previously reported in that the data were obtained from individuals 
with chronic disease. 

CASE FINDING METHODS 


In 1936, the National Institute of Health initiated field investiga- 
tions to study chronic brucellosis. The primary object was to 
gain information on the prevalence of the disease in the survey areas, 
to be discussed in a subsequent paper. The subjects were studied 
clinically, and agglutination, opsono-cytophagic and intradermal tests 
were performed according to techniques described in the second paper 
of this series, the brucellergin for the skin tests being used in the 
1:10,000 dilution. This paper presents the analyses of the data on 











August 26, 1938 1510 


the specific tests. It includes data obtained in the study of 511 
subjects in the surveys made in Charlotte, Mecklenburg County, N. C. 
(325 subjects), in Kansas City, Kans. (167 subjects), and 19 subjects 
studied at the National Institute of Health, in Washington, D. C. 
For convenience, the areas will be referred to in the tables as M, KC, 
and NIH, respectively. 

In both survey areas a large quantity of raw milk was consumed. 
In both communities some of the subjects studied had at some time 
lived on farms. Some of the Kansas City patients had worked in 
packing plants. The inhabitants of both areas, therefore, had oppor- 
tunity to be exposed to infection. 

In Kansas City, specific vaccine therapy had been in vogue and skin 
tests with killed organisms had been used in diagnosis. Cases which 
had received such treatment are generally omitted from the tables and 
discussions because vaccine treatments might stimulate the production 
of antibodies. Wherever cases which had been treated with vaccine 
are included in the tables they are distinguished by the letter ‘“V” 
following the case number. 

In both areas, many cases of unexplained fevers, psychoneuroses, 
and chronic aches and pains of various kinds, seen through the 
courtesy of the local physicians, were investigated. In Charlotte a 
group of patients suffering with a variety of clearly defined disorders 
other than brucellosis were studied as controls. 

In Kansas City, in addition to the patients referred by the local 
physicians, other subjects were sought out for study with the “rapid” 
agglutination test, according to Huddleson’s method. The tests were 
made on all serums coming into three laboratories for Wassermann 
tests from September 15 to December 15, 1936, using an antigen pre- 
pared with abortus strain No. 456. <A total of 3,365 serums was tested, 
and 187 (5.6 percent) were found to be positive. From among the 
cases giving positive reactions, 80 were chosen for further study. 
Only 21 of the 80 gave an agglutination reaction of 1:40 or higher, 
according to the test tube method. In the remaining cases the titer 
was below 1:40 and was considered negative in the analysis of the 
data, for reasons to be discussed further on. Hence by the screening 
procedure of the rapid agglutination test, 21 cases with positive aggluti- 
nation reaction were selected for further study. They were allocated 
into clinical groups on the basis of clinical impressions alone. One 
(KC 79, table 2) had suffered with brucellosis in the past; in 2 (KC 
127 and 164, table 4) a diagnosis of chronic brucellosis seemed reason- 
able; 8 showed less convincing evidence of Brucella infection, and were 
classified as “possible chronic brucellosis.” The remaining 10 cases 
were classified as ‘‘ill with other diseases.” 

The different case-finding methods of the two areas yielded different 
groups for study which conveniently complemented each other. All 
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clinical histories and diagnoses were studied by both field investiga- 
tors (F. H. R. and L. B.), and doubtful or confused cases were elimi- 
nated. That many cases would have profited by more prolonged 
study is readily conceded. 

Four cases of tularaemia were encountered in these studies. They 
are omitted from the brucellosis tables and are discussed separately 
on account of the well-known cross agglutination reactions between 
tularaemia and brucellosis. The reactions to the specific brucellosis 
tests and the agglutinin titer with tularense antigen in the four cases 
of tularaemia are summarized in table 1. In three of the four cases, 
there was no significant reaction with the Brucella agglutinating anti- 
gens. In one case, however, the Brucella titer was high enough to 
be regarded as evidence of Brucella infection if the higher titer with 
tularense antigen were not known. This cross agglutination reaction 
with Brucella antigen in tularaemia agrees with the observations of 
Francis and Evans, and of subsequent investigators. The results of 
the opsono-cytophagic reaction with Brucella antigen varied in the 
three cases in which the tests were performed. On the other hand, 
the skin reactions were consistently negative in all four cases. 


TaBLe 1.—Reactions to the specific brucellosis tests in four cases of tularaemia 





Aggiutination reactions 
Case No. Opsono-cytophagic reaction 

react 
Tularense | Melitensis | Abortus ae 








RE - che Se GRE eT 1:160 1:10 - 2S | SSRs i_ 
TH Leniciphincsticiseicimepepesaiieill 1: 160 1:10 1:10 PTET SU Te - 
yA eS 1:5120 1:320 1:160 | Very strong............... - 
SS ee. 1; 1280 0 0 ESS a 




















1 The minus sign indicates a negative reaction. 


The three following controversial cases were also omitted from the 
analysis of data: 

Case KC 37 was a woman, aged 66, who had had many opportunities 
to drink infected milk in Iowa. She had been ill for about 4 years, 
most of her symptoms being apparently related to recurring attacks 
of gall-bladder and kidney disease. Laboratory and clinical studies 
established a diagnosis of arteriosclerotic heart disease and carcinoma 
of the biliary tract. She died shortly after her admission to the 
hospital and before results of the routine agglutination tests were 
obtained which would have selected her as a case of particular interest. 
Autopsy confirmed the cardiac disease and the adenocarcinoma of the 
gall bladder with metastases to the liver and lymph nodes. An acute 
suppurative periportal hepatitis with multiple abscesses, acute and 
chronic splenitis, and chronic glomerulonephritis were also found. 
No cultures were taken. Satisfactory explanation of a 1:640 titer 
of agglutinins for B. melitensis is lacking. 
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Case KC 136 was a robust young man, aged 23, who was known to 
have had an acute attack of gonorrhea 2 years previously. He came 
into the hospital with an acute orchitis and epididymitis, supposedly 
gonococcal in origin, though no smears were taken by his physician. 
He was subsequently found by the rapid test method to have a positive 
agglutination reaction and so was searched out for study. He had 
recovered clinically but an agglutinin titer of 1:1280 was found with 
positive phagocytic and skin tests. Attempts to culture Brucella 
from seminal and prostatic fluids were unsuccessful. On account of 
the previous gonococcal infection it is uncertain whether the orchitis 
and epididymitis were due to Brucella or to N. gonorrheae. 

Case KC 137 was a stenographer, aged 25, who had always been in 
good health. During the past 4 years she had had four or five attacks 
simulating erythema nodosum. She had some pain in the knee 
joints, and slight swelling and redness over the bones above and 
below the joints. The attacks lasted 4 to 5 days with rather severe 
pain for 2 days. The patient was of the opinion that she never had ° 
an elevated temperature during the attacks. She usually carried on 
her work. Brucella agglutinins were demonstrated in her blood 
serum by means of the rapid agglutination test, and were confirmed 
by the tube method in a titer of 1:320. The skin test was negative 
to 0.2 cc of brucellergin, but ulceration followed the injection of 0.03 
cc of Brucella vaccine. The opsono-cytophagic test was weakly 
positive. Physical examination revealed nothing of interest. Re- 
actions to tuberculin, Wassermann and Kahn tests were negative. 
The blood count was essentially normal. 


ANALYSIS OF DATA 


For the purpose of the analysis of data the subjects of this study 
were divided into six groups as follows: 

1. Brucellosis in the past.—A history of acute brucellosis within the 
last 14 years. Brief histories of the 14 cases in this group are given 
in table 2. 

2. Acute brucellosis —The survey was particularly concerned with 
chronic forms of brucellosis. However, 4 cases of the acute disease 
(disabling illness of less than 6 months’ duration, with a significant 
temperature curve) were encountered. Since this group is too small 
for accurate statistical study, it is included in the analyses of data 
only in table 5 where the significance of agglutinin titers is under 
consideration. Brief histories of the four acute cases are given in 
table 3. 

3. Chronic brucellogis—The term chronic brucellosis is used loosely 
in this paper to include all cases in which the history, symptoms, and 
lack of objective signs of disease suggested brucellosis as the most 
logical diagnosis (excepting the four acute cases included in group 2). 
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Obviously, in an evaluation of the significance of laboratory tests, 
those tests should not be the criteria on which diagnoses are made. 
Therefore the present classification of cases is based on clinical history 
and symptoms alone. Most of the patients gave a history of low 
grade fever, malaise, fatigability, weakness, muscle or joint pains, 
headache, slight loss in weight, all without satisfactory explanation. 
Possibly there are included in the group of “chronic brucellosis” some 
cases of other disease. On the other hand, convincing evidence is pre- 
sented further on to show that some cases of chronic brucellosis which 
could not be identified were placed in the group of “possible chronic 
brucellosis.” However, the criteria used in defining the group are 
the best available at the present time. Some of the chronic brucel- 
losis patients were studied culturally and cultures of Brucella were 
obtained from a few of them. (See table 4.) 

Brief histories of the 28 chronic brucellosis cases are given in table 
4. Five of the 28 cases were of less than 6 months’ duration (KC 200, 
M 36, M 68, M 257, and M 258). They were included in the group of 
chronic cases because in them the disease was mild and atypical. 
One case (M 5) is included in which the disease progressed to a 
fatal termination after about 1 year of illness. From 7 of the cases 
in this group Brucella were cultivated, 6 of them having been reported 
by Poston in the third paper of this series. In 15 cases the clinical 
impression of chronic brucellosis was confirmed by an agglutinin titer 
of 1:40 orhigher. (It will be shown further on that a titer of 1:40 is 
the minimum to be regarded as indicative of infection.) In 9 of the 
28 cases the clinical impression of chronic brucellosis was not con- 
firmed by culture nor by the agglutination test. 

4. Possible chronic brucellosis. The clinical evidence was less 
convincing than in group 3 (41 cases). 

5. Subjects ill with many other diseases and with no history sug- 
gesting brucellosis in the past (321 cases, of which 95, or 29 percent, 
were cases of tuberculosis). 

6. Healthy subjects, with no history of brucellosis (28 cases). 

The six groups include a total of 436 cases from which data are 
available. In 61 cases, however, data on one or another of the specific 
tests are lacking. 

In table 5 an analysis of the data is made to determine the minimum 
agglutinin titer offering evidence of Brucella infection. All of the 
four acute cases showed agglutinin titers of 1:80 or higher. In fact, 
they were all 1:640 or higher (table 3). The group is too small, 
however, to draw general conclusions. 

The data in table 5 show that an agglutinin titer of 1:80 or higher 
occurs about 24 times as frequently in chronic brucellosis as in cases 
ill with other diseases; and a titer of 1:40 occurs more than 4 times as 
frequently in the former as in the latter group. On the other hand 
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the percentage of cases with titers of 1:10 and 1:20 are slightly higher 
in the latter group. From these data, it appears that a titer of 1:40 
is the minimum to be regarded as suggestive of brucellosis. Hence, 
in the following tables, titers below 1:40 are recorded as negative. 


TaBLe 5.—Relationshi hong clinical history and range of agglutinin titer in 429 
4] 














subjects. (Data are given in percentages) 
Percentage of cases with agglutinin titer 
History = 

‘a 1:80 or 

Negative 1:10! 1:20! 1:40 1 higher ! 
Brucellosis in the past ?_.............--.-- 14 35.7 14.3 21.4 14.3 14.3 
pS Sees 4 0 0 0 0 100.0 
Chronic brucellosis ?..................-.-- 28 32.1 7.1 7.1 14.3 39.3 

Possible chronic brucellosis #............-- 41 48.8 9.8 17.1 24.4 0 
Ill with other diseases ?.............---.-.- 316 68.8 13.6 12.6 3.2 1.6 

| ee 26 84. 6 7.7 7.7 0 0 




















1 All calculations are based on the higher titer obtained with abortus or melitensis antigen. 
2 See the text for the definition of the groups. 


In table 6 the percentages of positive and negative reactions of all 
three specific tests are summarized for the various clinical groups. 
According to these data a positive skin reaction occurs more than 
four times as frequently in chronic brucellosis as in cases ill with 
other diseases; and the percentage of positive skin reactions in cases 
recovered from acute brucellosis is notably higher than in those 
suffering with chronic brucellosis. 


TaBLE 6.—A summary of the results (in percentages) of the brucellosis tests on 432 











subjects 
Skin reactions Opsono-cytophagic reactions see reac- 
History Num- Num- Weak | c+ ong) Num- 
ber of | Nega-| Posi- | ber of |} Nega-| or ar v —- ber of | Nega-| Posi- 
cases | tive | tive | cases | tive | mod- stro ¥! cases | tive ! tive 
tested tested erate DE! tested 
Per- | Per- Per- | Per- | Per- Per- | Per- 
cent | cent cent | cent | cent cent | cent 
Brucellosis in the past #.....- 14 7.1] $2.9 144] 14.3] 643] 214 14/; 71.4 28. 6 
Chronic brucellosis ?. ......-- 28} 39.3] 60.7 25; 320] 520] 160 23 | 46.3 53.6 
Possible chronic brucellosis ?_- 41} 48.8] 51.2 87 | 486] 40.5] 10.8 41 | 75.6 24.4 
Il] with other diseases *__....- 321 | 86.3] 13.7 270 | 60.3] 222 85 316 | 95.2 48 
Healthy subjects #..........-. 89.3] 10.7 24 95.8 42 0 26 | 100.0 0 



































1 Agglutinin titers below 1:40 are recorded as negative in these calculations. 
? See the text for the definition of the groups. 


The data in table 6 show that in chronic brucellosis the opsono-cyto- 
phagic reaction may be negative, or it may be positive in any degree. 
More than one-half of the cases, however, gave a weak or moderate 
reaction. Comparing the chronic brucellosis group with the group 
ill with other diseases, the former shows a definitely higher percentage 
of positive opsonocytophagic reactions than the latter. The differ- 
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ences between the two groups are less significant, however, when 
compared on the basis of the opsono-cytophagic reaction than when 
they are compared on the basis of skin reactions. 

According to table 6, the greatest difference between the chronic 
brucellosis group and the group ill with other diseases is indicated by 
the agglutination reactions. Positive reactions occur more than 11 
times as frequently in the former as in the latter group. It should be 
emphasized that there are included in the chronic brucellosis group 
only two cases with positive agglutination reaction which were origi- 
nally selected for study on the basis of a positive agglutination reac- 
tion (KC 127 and KC 164). It was the fact that they gave the clini- 
cal impression of chronic brucellosis, and not their positive agglutina- 
tion reactions, however, which determined the grouping of these 2, as 
well as all others included in the 28 chronic brucellosis cases. 

To summarize the data in table 6, a positive agglutination reaction 
is the most reliable indicator of infection in chronic brucellosis; the 
skin test ranks second, and the opsono-cytophagic reaction gives the 
least reliable information. 


TaBLE 7.—Correlation of specific tests and clinical history in 372 subjects. The 


data are given in percentages 








Possible lll with 
Opsono- | Aggluti- | Brucellosis} Chronic ; Healthy 
-.. cytophagic nation | in the past ? brucellosis? i: od 2 — 3 | Subjects? 
reaction |reaction'!| (14 cases) | (25 cases) (37 cases) | (270 cases) (26 cases) 
a aa + 28.6 32.0 10.8 ey ae 
tr T ra 57.1 = ° ae 3.8 
- + 2 oer 10.8 a 
<a _ - 7.1 40 18.9 4.8 ue 
- + ri iniahiceteiniiiien 1% : : 4 20. : a 
- oe  / @-. Déceeatansns 5 | ere 
ao - - 7.1 20.0 27.0 63.3 88.5 
































1 Titers below 1:40 are regarded as negative. 
2 See the text for the definition of the groups. 


Table 7 shows the distribution, among the clinical groups, of the 
eight possible combinations of positive and negative reactions. In 
this table the combination of reactions forming the largest percentage 
in each clinical group is indicated in heavy type. Every possible 
combination of reactions was found both in the group of chronic 
brucellosis and in the group ill with other diseases. In each clinical 
group, however, one combination stands out as more or less character- 
istic. In the group of chronic brucellosis 32 percent of cases gave all 
3 reactions positive—a combination occurring more than 10 times as 
frequently as in the group ill with other diseases. In the latter group 
63 percent of cases gave negative reactions in all 3 tests. The combi- 
nation of positive skin and opsono-cytophagic reactions and negative 
agglutination reaction occurs in the majority of recovered cases— 
about 10 times as frequently as in cases with no history of brucellosis. 




















August 26, 1938 1520 


The combination of all 3 tests negative occurs in a definitely higher 
percentage in the group of healthy subjects than in the group ill with 
various diseases. 

Comparing the specific reactions in the group of possible brucellosis 
with those in the chronic brucellosis group on the one hand, and with 
those in the group ill with other diseases on the other hand (see 
table 6), the percentages in the former are found to lie midway 
between the latter two groups. The data suggest that some cases 
which were not, and some that were infected with Brucella were 
included in the ‘“‘possible chronic brucellosis” group. 

There are two notable differences between the percentages of posi- 
tive reactions in the groups with past and present brucellosis. The 
percentages of positive skin reactions is definitely higher and the per- 
centage of agglutination reactions is definitely lower in the former 
group (table 6). There were no significant differences between the 
percentages of positive opsono-cytophagic reactions in the two groups. 
On the whole, the percentages of positive reactions in the two groups 
are so nearly alike that ina given case the specific tests alone would 
not give information as to whether infection exists at the time the 
tests are made, or whether it occurred some time in the past. 

The varied response to the specific tests in chronic brucellosis 
patients is further illustrated in table 4 where the data are given for 
each case included in the group “chronic brucellosis.”” The most 
important point brought out in this table is that 2 of the 5 cases with 
all 3 reactions negative were proved to be infected by cultivation of 
the organism. Among the 28 cases included in the table, all showing 
symptoms of the disease at the time the tests were made, the skin 
reaction was negative in 11 cases; the opsono-cytophagic reaction was 
negative in 7 cases, and the agglutination reaction was negative in 
13 cases. 

In table 2 the data are given for the 14 cases with a history of 
brucellosis in the past. These data, compared with those in table 4, 
illustrate the fact already mentioned, that in individual cases the 
specific reactions cannot differentiate a present from a past infection. 


DISCUSSION 


Our data agree with those of other investigators in indicating that 
in communities where the inhabitants are exposed to Brucella infection, 
serologic or allergic reactions are sometimes positive in subjects from 
whom no history suggestive of brucellosis can be elicited. There are 
chances of error, however, which might account for positive reactions 
in cases with apparently negative histories, for in the group “ill with 
other diseases’’ it was impossible to rule out brucellosis as a complicat- 
ing factor in cases in which some other disease dominated the picture. 
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Further, it is impossible to rule out a past Brucella infection in cases 
from which the history cannot be elicited. In the presence of these 
and other complicating factors it is difficult to define reactions or 
combinations of reactions which may be regarded as evidence of the 
disease. 

Our analysis of data is an attempt to evaluate the significance of the 
specific tests. In discussing results, it should be borne in mind 
constantly that our data were collected from a group of persons who 
were suffering with mild disease of obscure etiology, a group not pre- 
viously studied with the aid of the specific brucellosis tests. 

Thirty-nine percent of our chronic brucellosis cases gave a negative 
skin reaction. These results do not agree with the conclusion of 
Gould and Huddleson that if the brucellergin test is negative, brucel- 
losis may usually be ruled out. The explanation for the discrepancy 
between our results and theirs is to be found in the different case 
finding methods. As already stated, most of our cases were selected 
for study on account of mild disease of obscure etiology. No case was 
regarded as chronic brucellosis on the basis of specific reactions alone. 
On the other hand, Gould and Huddleson selected their cases for 
study on the basis of a positive skin reaction, thus excluding the 
possibility of finding cases of infection with a negative skin reaction. 

In a comparison of specific reactions in chronic cases with those in 
recovered cases, the higher percentage of positive skin reactions in 
the recovered cases (table 6), and the higher percentage of positive 
agglutination reactions in the infected cases (tables 5 and 6) have 
already been mentioned. Our data fail to confirm the reports of 
Huddleson; Keller, Pharis, and Gaub; and Gould and Huddleson, 
that strong opsono-cytophagic reactions indicate immunity, and that 
weak opsono-cytophagic reactions indicate infection, for we found 
strong positive reactions in patients with chronic brucellosis (table 4) 
and we found weak or moderate reactions in recovered cases (table 2). 

In those cases in which the specific tests were repeated (table 4), 
the opsono-cytophagic reaction, as well as the agglutination reaction, 
was found to vary from time to time. It is to be noted (table 4) that 
in four cases from which Brucella were cultivated, strong opsono- 
cytophagic reactions were found at some time during the course of the 
disease. On the whole the opsono-cytophagic reaction proved to be 
an unreliable indicator of infection and of the future outlook for the 
patient. 

In the consideration of these data, attention is called to the fact 
that it is not the percentage of positive reactions in the cases of chronic 
brucellosis which determines the value of a given test, but rather the 
frequency of positive reactions in chronic brucellosis cases as com- 
pared with the frequency of positive reactions in the group of patients 
ill with other chronic diseases. 
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The most reliable indicator of infection was found to be a positive 
agglutination reaction in dilution of 1:40 or higher. A reaction of 
this titer does not occur commonly in cases with no history of bru- 
cellosis (table 6). On the other hand, a negative agglutination reac- 
tion (i. e., a titer below 1:40) cannot be interpreted as evidence 
against infection because almost half of the chronic cases reacted 
negatively (table 6). Among the 28 cases with diagnosis of chronic 
brucellosis recorded in table 3, only 11 would have received that 
diagnosis by physicians who disregard agglutinin titers below 1:80. 
If a titer of 1:40 were considered as suggestive of brucellosis, 4 more 
would have received further consideration as possibly harboring 
Brucella infection. 

When all 3 specific tests are positive in a case of obscure disease, 
the combined reactions may be regarded as suggestive of infection, 
for such a combination is not common in cases without history of 
infection (table 7). , 

The results of this study emphasize that there is no reliable test 
to detect chronic brucellosis. In some cases positive specific reac- 
tions may give satisfactory evidence of infection, but negative reac- 
tions cannot be interpreted as evidence against infection. The only 
proof of brucellosis is the cultivation of the organism—a difficult 
and time-consuming procedure. Hence an effort should be made 
to rule out diseases producing a similar clinical picture before a 
diagnosis of chronic brucellosis is made. Until specific tests are 
further perfected, there can be no satisfactory diagnosis in many 
cases of chronic brucellosis. In some cases the evidence based on 
history and clinical symptoms will be confirmed by specific tests. 
In other cases (as in cases M 107 and M 319, table 4) the specific 
tests will be misleading. There is great need for further perfection 
of methods for the diagnosis of chronic brucellosis. 


SUMMARY AND CONCLUSIONS 


A group of 28 cases in which chronic brucellosis appeared to be the 
logical diagnosis was studied in order to compare the responses to 
specific tests with those in other clinical groups commonly exposed to 
Brucella infection. Cultures of Brucella were obtained from 7 of the 
28 cases. 

Included in the comparative study were 14 recovered cases with a 
history of acute brucellosis within the last 14 years; 4 cases of acute 
brucellosis; 41 cases regarded as possible chronic brucellosis, in which 
the clinical evidence was less convincjng than in the group of cases 
regarded as chronic brucellosis; 321 subjects ill with other chronic 
diseases; and 28 healthy subjects. An analysis of the data led to the 
following conclusions: 
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No single test (other than the isolation of the Brucella organism 
from the patient) can be relied on to determine Brucella infection in 
a given case. 

An agglutinin titer of 1:40 was found to be the minimum sug- 
gestive of brucellosis. Hence lower titers were considered negative 
in this study. 

Forty-six percent of the 28 cases of chronic brucellosis gave a nega- 
tive agglutination reaction and 4 of the 7 cases from which Brucella was 
cultivated gave a negative agglutination reaction; therefore a nega- 
tive agglutination reaction cannot be regarded as evidence against 
infection. On the other hand, a positive agglutination reaction is 
evidence of infection. The data show that an agglutinin titer of 1: 40 
or higher occurred about 11 times as frequently in chronic brucellosis 
as in cases ill with other diseases. The higher the titer, the greater 
is its significance. 

A positive skin reaction occurred more than 4 times as frequently in 
the group of chronic brucellosis cases as in the group of cases ill with 
other diseases. It may, therefore, be regarded as suggestive of infec- 
tion, though it is less reliable evidence than a positive agglutination 
reaction. 

The opsono-cytophagic reaction was found to be the least reliable 
of the specific tests, because positive reactions are not uncommon 
in cases ill with other diseases. A positive opsono-cytophagic reaction 
occurred about twice as frequently in chronic brucellosis as in cases 
Ul with other diseases. 

Positive opsono-cytophagic and skin reactions add weight to the 
evidence given by a positive agglutination reaction. The combina- 
tion of all 3 positive reactions occurred about 10 times as frequently 
in chronic brucellosis as in cases ill with other diseases. 

On the other hand, cases of Brucella infection may occur in which 
all three specific tests give negative results. Two of our cases from 
which Brucella were obtained reacted negatively to all three specific 


tests. 
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A COMPARATIVE STUDY OF TWO STRAINS OF ROCKY 
MOUNTAIN SPOTTED FEVER VIRUS WITH SPECIAL REF- 
ERENCE TO THE WEIL-FELIX REACTION* 


By Gorpon E. Davis, Bacteriologist, and R. R. Parker, Special Expert, United 
States Public Health Service 


Sera from patients reported ill with Rocky Mountain spotted fever 
exhibit five types of serological reactions with Proteus OX19 and 
OX2 strains: high OX19 and low OX2 agglutinin titers (the most 
frequent reaction) or the reverse, only OX19 or only OX2 agglutinins, 
or the agglutinin titer for both strains may be approximately equal. 

Two strains of virus isolated from patients whose sera showed 
high OX2 and low OX19 agglutinin titers, and only OX19 agglutinins, 
respectively, have been studied to determine whether they would 
exhibit any differences in immunological or serological reactions in 
laboratory animals. 

Serum from patient “‘B’’, taken on the 16th day following onset, 
agglutinated Proteus OX2 to a titer of 640 and Proteus OX19 to a 
titer of 160. Serum samples from patient “S,” taken 8 and 19 days 
after onset, failed to agglutinate OX2 in a serum dilution as low as 
1:20, but did agglutinate OX19 to titers of 2,560 and 10,240, respec- 
tively. 

A comparative study of these strains was made. 


* Contribution from the Division of Infectious Diseases, National Institute of Health, Rocky Mountain 


Laboratory, Hamilton, Mont. 
Presented before the Northern California-Hawalian Branch of the Society of American Bacteriologists 


at Seattle, Wash., June 19, 1936. 
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CROSS-IMMUNITY TESTS IN GUINEA PIGS 


On August 15, 1935, each of six guinea pigs received 1 cc of “‘S” 
virus (OX19 agglutinins only) intraperitoneally. In each case there 
was a marked rise in temperature and a typical scrotal reaction. 
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On September 9, 25 days following the initial injection, each test 
guinea pig and two controls received 1 cc of “B” virus (high OX2 
and low OX19 agglutinins) intraperitoneally. In none was there a 
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temperature above normal, while the two controls showed typical 
spotted fever. 

Corresponding results were obtained when six guinea pigs received 
an initial injection of “‘B”’ virus followed by “‘S’’ virus. 

These cross immunity tests indicate no immunological difference 
between the two viruses in guinea pigs. 


CROSS-IMMUNITY TESTS AND THE WEIL-FELIX REACTION IN 
RABBITS 





CHART-3 

CROSS IMMUNITY TESTS AND THE WEIL-FELIX REACTION ~ RESULTS 

OF THE INOCULATION OF RABBITS WITH *B* VIRUS AND ~ ~ ~ 
SUBSEQUENTLY WITH *S* VIRUS 
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On August 19, 1935, each of five domestic rabbits received 1 cc 
of “B” virus intravenously. Four showed a marked rise in temper- 
ature, and three of these had typical scrotal lesions. The agglutinin 
titer for Proteus strains OX19, OX2, HX2, and OXK were zero or 
negligible previous to the injection. Following the injection the 
titers for the first three strains rose sharply in all five rabbits, but in 
30 days had fallen to a low titer or to zero. 

On September 19, 1935, these test rabbits and two normal controls 
each received 1 cc of “S” virus intraperitoneally. One test rabbit 
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showed 1 day of temperature above 39.6° C., while the controls 
showed a typical febrile period. Of further significance is the fact 
that there was no rise in agglutinin titer for any of the Proteus X 
strains. 

Although the more complex “B” strain, as indicated by the ag- 
glutinin content of human blood, might immunize against the less 
complex “S” strain, there was a possibility that the converse might 
not hold; consequently five rabbits were first injected with the ‘“S” 
strain and later with the “B” strain. All showed a marked rise in 





CHART-4 

CROSS IMMUNITY TESTS AND THE WEIL-FELIX REACTION“RESULTS 

OF THE INOCULATION OF RABBITS WITH *S* VIRUS AND ~ ~ ~ 
SUBSEQUENTLY WITH *B* VIRUS 
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R-RELEASED 


temperature following the first injection, and three showed typical 
scrotal lesions. Following the injection of the “‘B” strain, there was 
neither a thermic nor scrotal reaction. The rabbits which received 
only the “B”’ strain both showed definite evidence of infection. 

There was a sharp rise in agglutinins for both the OX19 and OX2 
strains following injection of the “S” virus, which had produced only 
OX19 agglutinins in rhan, but there was no re-stimulation of agglutinin 
production following the injection of the “B” virus. 

No difference in the immunological or serological response to the 
“S” and “B” viruses was noted in domestic rabbits. 
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PROTECTION TESTS 


The protective value of immune rabbit sera against both the “S” 
and “B” viruses was tested as follows (all tests were made in 
duplicate) : 

0.5 ce anti-B” serum, 0.5 ce “B”’ virus. 
0.5 ec anti-B” serum, 0.5 ce “S’”’ virus. 
0.5 ec anti-“‘S”’ serum, 0.5 ec “S” virus. 
0.5 ce anti-“‘S” serum, 0.5 ce “B” virus. 

The serum-virus mixtures were allowed to remain at room tempera- 
ture for 30 minutes and were then injected into guinea pigs intra- 
peritoneally. As virus controls, two normal guinea pigs each received 
0.5 cc of “B” virus and two others 0.5 ce of “‘S’”’ virus. While there 
was no rise in temperature in any of the animals receiving the serum- 
virus mixtures, the control animals showed typical spotted fever, 1. e., 
a definite rise in temperature with scrotal swelling and reddening. 

This experiment shows that immune serum of either strain neutral- 


ized the opposing virus. 


PROTECTIVE VALUE OF SPOTTED FEVER VACCINE AGAINST INFECTION 


ét,,?? 


WITH THE “s’’ (0X19) AND “‘B”’ (OX19—OX2) STRAINS 












































CHART-5 
THE IMMUNIZNG PROPERTIES OF SPOTTED FEVER VACCINE ~ 
AGAINST *S+* VIRUS 
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Inasmuch as the failure of spotted fever vaccine to protect guinea 
pigs against the virus of boutonneuse fever (/), an immunologically 
identical disease, has provided evidence of a definite antigenic differ- 
ence between this virus and that of Rocky Mountain spotted fever, 
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it was thought that a similar test with the two strains of spotted 
fever virus being studied might show an antigenic dissimilarity not 
indicated by standard tests. 

On August 23, 1935, each of 12 guinea pigs received 1 cc of spotted 
fever vaccine No. 2945. When tested against stock strains of pas- 
sage virus on June 3, 1935, this vaccine was considered a “‘perfect’’ 
lot, i. e., none of the 6 guinea pigs thus vaccinated showed tempera- 
ture above 39.6° C. following a subsequent injection of spotted fever 
virus. 

On September 4, 1935, 12 days later, 6 of the above vaccinated 
guinea pigs each received 1 cc of the “‘S” virus and the remaining 6 
each received 1 cc of the “B” virus, intraperitoneally. Of the 6 
guinea pigs receiving the ‘‘S” virus one showed a temperature of 39.8° 
C. on the fourth day and another 40.0° C. and 39.8° C. on the fourth 
and fifth days, respectively. 





CHART-6& 





THE IMMUNIZING PROPERTIES OF SPOTTED FEVER VACCINE ~ 
AGAINST *B* VIRUS 
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Of the five guinea pigs receiving the “B” virus (one animal died 
before receiving the virus), one showed a temperature of 40.4° C. on 
the fifth day. 

The same lot of vaccine was subsequently tested against several 
stock strains of virus with results similar to those just described, i. e., 
one or more guinea pigs of each group showed 1 or 2 days of fever. 

These tests indicate that spotted fever vaccine protected equally 
against both strains of virus. 


SUMMARY 


Two strains of virus isolated from patients who exhibited typical 
symptoms of Rocky Mountain spotted fever, but whose sera showed, 
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respectively, (a) high OX2 and low OX19 agglutinin titers and (6) 
only OX19 agglutinins have been shown to be immunologically iden- 
tical and both produce high OX2 and low OX19 agglutinins in 


rabbits. 
REFERENCE 


(1) Davis, Gordon E., and Parker, R. R.: Comparative experiments on spotted 
fever and boutonneuse fever. Pub. Health Rep., 49: 423-427 (1934). 


DEATHS DURING WEEK ENDED AUGUST 6, 1938 


[From the Weekly Health Index, issued by the Bureau of the Census, Department of Commerce] 

















Week ended | Correspond- 
Aug. 6, 1938 jing week, 1937 
Data from 88 large cities of the United States: 
_. . | SSO aes rem 7, 266 17, 335 
pO EE LAS (4 == 
Total deaths, first 3 RS BRIE ee EAE 258, 489 281, 936 
Deaths under 1 — IIE dicinieddecsadamiatmdidianseidduin tans imnibesapimanss 535 1 541 
pT iL EE AEE SE LEAT AR PLLC _ =e 
Deaths under 1 year of age, first 31 weeks of year_.............-......... 16, 492 17, 924 
Data from industrial insurance companies: 
el RRR RS A EEE AIS ae a a A 68, 976, 881 69, 616, 242 
NE EERE EE DRL RTT 11, 017 1, 804 
Death claims per 1,600 policies in force, annual rate.....................- 
Death claims per 1,000 policies, first 31 weeks of year, annual rate._.....- 9.5 10.4 








1 Data for 86 cities. 
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PREVALENCE OF DISEASE 





No health department, State or local, can effectively prevent or control disease without 
knowledge of when, where, and under what conditions cases are occurring 





UNITED STATES 


CURRENT WEEKLY STATE REPORTS 


These reports = et and the figures are subject to change when later returns are received by 
the State health offi 


In these and the following tables, a zero (0) ee a positive and has the same significance as 
any other figure, while leaders (.-.-..- ) re — the implication that cases or deaths may 
have occurred but were not reported to tate healt 


Cases o ook, | certain diseases reported by telegraph by State health officers for the week 
August 18, 1988, rates per 100,000 population (annual basis), and compari- 
son with corresponding week of 1937 ‘and 5-year median 





Diphtheria 





Division and State 
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ae SE 4 2 3 5 
alae anata 4 2 5 4 
Missouri__.......... 7 5 5 13 
North Dakota...... 0 0 2 2 ll 
South Dakota_..... 15 2 0 2 2 
Nebraska_.........-. 4 1 1 3 
Se 8 3 6 6 
See footnotes at end of table.” 
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Cases of certain diseases reported by telegraph by State health officers for the week 


August 26, 1938 


son with corresponding week of 1987 and 5-year median—Continued 


100,000 population (annual basis), and compari- 








































































































Diphtheria Influenza Measles 
Division and State | aug. | Aug. | Aug. | 1933-| Aug.| Aug.| Aug. | 1933- | Aug. | Aug. | Aug. | 1933- 
13, 13, 14, 37 13, 13, 14, 37 13, 13, 14, 37 
1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, me- | 1938, | 1938, | 1937, me- 
rate | cases | cases | dian | rate | cases| cases | dian | rate | cases | cases | dian 
SO. ATL 
Delaware_-_........- 0 0 0 Se eee ee Se ee eee 2 2 
Maryland ?3__...... 9 3 3 3 19 RAS 1 19 6 4 s 
Dist. of Col.4......- 25 3 3 BSS Lara GRASS SER 25 3 5 5 
Virginia ?___.._.._.. 42 22) 10 — SS ST Re ScerX 64 33 31 31 
West Virginia__.... 14 5 3 12 20) 7 12 12 3 1 13 13 
North Carolina ? 4__ 37 25 22 A a SS ee 122 82 32 27 
South Carolina 4... 33 12 8 4) 197 71 54 54 42 iiedschad 5 
Georgia 4 _.......... 46 27 10 TRG OR RRS RE Se See OA, 
FREER ® ....nccacces 12 4 5 6 3 1 ORES ONE PIT 7 7 
20 ll 10 10 2 Se ee 7 4 17 14 
32 18} 4 8 ll 6 10 7 34 19 25 15 
22 12 ll 16 22 12 3 3 5 3 a4 5 
18 7 15 RES OP SE ee a ee eee Oe 
23 9 13 5 46 18 7 1 10 4 4 3 
27 ll 16 13 49 20 ll 4 32 13 1 2 
4 2 6 6 35 = 4 8 4 4 2 
33 39 20) 33 81 96 39 39 18 21 68 43 
0 0 1 =e eee Se Sere 223 23 3 3 
0 0 0 0 42 4 Dicecienind 63 6 2 3 
0 0 0 FE LS Se 22 1 4 4 
68 14 3 1 aC, Se 49 10 14 7 
37 3 0 ee NE ee 62 5 ll 1 
38 3 0 1} 278 22 12 4 139 (SSE 2 
0 0 0 0 50 — See 221 22 21 4 
PACIFIC 
Washington. -......- 0 1 0 3 aes ea 38 12 10 15 
EASA 5 1 6 1 30 eee’ 4 56 ll 7 7 
California 4......... 8 10 18 17 4 5 5 5 117 138 18 67 
ae 14; 352) 309) 351 18} 362 232 232 56] 1,371) 1,111) 1,112 
32 weeks............ 18/14, 089) 13, 402/17, 719 72/45, 734/274, 261|141, 470 974/759, 641/240, 265/341, 146 
Meningitis, meningo- ; 
eoceus Poliomyelitis Scarlet fever 
Division and State | ang | Aug.| Ang. | 1933-| Aug.| Aug.| Aug. | 1933- | Aug. | Aug. | Aug. | 1933- 
13, 13, 14, 37 13, 13, 14, 37 13, 13, 14, 37 
1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, me- 1938, | 1938, | 1937, me- 
rate | cases | cases | dian | rate | cases| cases | dian | rate | cases | cases | dian 
NEW ENGLAND 
Se 6 1 0 1) 0 8 1 12 2 5 4 
New Hampshire....| 0 0 0 0} 60 0 1 ET ee 1 1 
ermont............ 0 0 0 1) oe 0 2 1 0 icnaeneenll 1 
Massachusetts...... 0 0 5 1} 0 0 25 25 27 2B 20 35 
Rhode Island_...... 0 0 0 tt) 0 2 1 2B 3 3 4 
Connecticut. .....- 3 1 0 Oo; 63 1 3 2 9 3 6 8 
MIDDLE ATLANTIC 
New York........-- 1.2 3 3 7| 4 9 22 22 23 58 76) 100 
New Jersey........- 0 0 3 1 5 4 6 7 16 13 14 14 
Ivania....... 0.5 1 6 5} =0.5) 1 4 10] 2| 42) 74 101 
See footnotes at end of table. 
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Cases of certain diseases reported by telegraph by State health officers for the week 
ended August 13, 1938, rates per 100,000 population (annual basis), and compari- 
son with corresponding week of 1937 and 5-year median—Continued 
Meningitis, meningo- 
poor down Poliomyelitis Scarlet fever 
Division and State | ang | Aug. | Aug. | 1933-| Aug.| Aug.| Aug. | 1933- | Aug. | Aug. | Aug. | 1933- 
13, | 13, | 14, | 37 | 13, | 13, | 14, 37 13, 13, 14, 37 
1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, | me- | 1938, | 1938, | 1937, | me- 
rate | cases | cases | dian | rate | cases| cases | dian | rate | cases | cases | dian 
EAST NORTH 
CENTRAL 
a SE See 15 2 5) 3} 0.8 15 64 82 1 77 
Indiana_._-......-.- 2 2 2 #90 1 33 22 23 22 
CR a 0.7 1 2 4) 5 11 42 64 90 92 
Michigan #____....-- 0 o 6.2 4 84 73} 104 66 
Wisconsin... .....--- 1.8 1 0 o| 4 2 55 31 31 
0 0 0| 8 1 26 13 1 19 
4 | 0! 4 1 is 9 9 13 
0 0 0 0 2 21 16 36 12 
0 0 1 15 0 37 5 4 4 
0 0 1 15 0 38 5 5 5 
0 0 0 0 0 8 2 1 3 
0 0 1 0 98 35 21 21 
=~ [Lane 7| a 7 ee - ee ie ee 
aryland ?3_______. 7 l 
District of Colum- . 
“eee 8 1 0 17 0 17 4 4 
Virginia 4.........-- 1.9 1 4 4 4 25 13 5 15 
West Virginia__.___- 2.8 1 0 2. 8| 4 39 14 14 17 
North Carolina * 4. 6 4 3 3 4 87 25 28 21 
South Carolina‘....; 0 0 0 6 2 3 1 6 2 
OS Ses 0 0 0 0 0 10 6 4 r 
Florida 4 .._......-. 0 0 0 6 1 3 1 4 2 
EAST SOUTH 
CENTRAL 
Kentucky-........- 4 2 1 4 1 30 17 27 15 
‘Tennessee --........ 4 2 1 0 1 27 15 8 8 
Alabama ‘.._._---.- 0 oo) 4 4 33 2B 13 8 
Mississippi *........ 2.6 1 0 0 8 3 1 5 
1 0 11 2 
2 0 oj 24 1 7 3 7 7 
4 2 8 6 6 
3 6 1} Oo 5 45 53 34 20 
10 68 
1 0 0 60 1 ll 
0 0 te 0 4 
0 1 1, 6 0 
0 0 0} 0 
1 0} 0 13 
Oo 60608 
Washington......- 3 1 0 1 25 
De ctadiinend 0 0 1 41 
California 4........- 5 6 3 2} 4 20| 39 
Total.........|| 1.7} 42) 63] 60} «2.8) +: 63] = 455] +290) 39 
82 weeks....... a----| 2.7] 2,414) 4,120 4,087| L1 857 2, 940) 2,801 172 136, 453}164, O40} 104, O40 
See footnotes at end of table. 
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Cases of certain diseases reported by telegraph by State health officers for the week 
ended August 13, 1938, rates per 100,000 population (annual basis), and compari- 
son with corresponding week of 1937 and 5-year median—Continued 


August 26, 1938 



































































Typhoid and paratyphoid Whooping 
Smallpox fever cough 
Division and State Aug. | Aug. | Aug. 1933- Aug. | Aug. | Aug. 1933- Aug. | Aug. 
13, 13, 14, 37 me- 13, 13, 14, 37 me- 13, 13, 
1938, | 1938, | 1937, dien 1938, | 1938, | 1937, dian 1938, | 1938, 
rate | cases | cases rate | cases | cases rate | cases 
NEW ENGLAND 
lel 0 0 0 0 18 3 4 1 195 32 
New Hampshire. -.........-.-- 0 0 0 0 10 1 0 Ba ae 
Vermont._....... 0 0 0 0 27 2 0 0 449 33 
Massachusetts 0 0 0 0 0 0 4 4 107 91 
Rhode Island. 0 0 0 0 0 0 2 1 230 30 
Connecticut........ 0 0 0 0 3 1 2 2 222 74 
MIDDLE ATLANTIC 
0 0 ll 0 10 26 25 29 269 669 
0 0 0 0 2 2 10 6 322 268 
0 0 0 0 7 14 33 29 130 254 
0 0 0 0 22 28 41 39 303 391 
6 4 6 0 y 6 9 9 15 10 
3 5 5 1 24 37 40 30 320 483 
4 4 1 0 13 12 12 9 527 488 
EERE ENE 0 0 1 4 4 2 3 3 820 460 
WEST NORTH CENTRAL 
SE ee ae 6 3 7 1 0 0 0 1 138 70 
LE SECC ee er’ 8 4 4 1 25 12 6 4 55 27 
"Sera ae 5 4 10 0 21 16 34 30 24 18 
OO) OO eee 36 4 6 0 0 0 2 1 355 48 
gS aes: 15 2 0 0 0 0 0 0 60 8 
RR SRE ll 3 0 0 4 1 0 0 61 16 
EE 0 0 0 0 22 8 10 10 129 46 
SOUTH ATLANTIC 
pO ae ae 0 0 0 0 40 2 0 1 60 3 
pS i Rae 0 0 0 0 43 14 15 19 112 36 
District of Columbia #......-- 0 0 0 0 25 3 6 1 91 il 
. | SS aes 0 0 0 0 33 17 37 37 129 67 
West Virginia................ 0 0 1 0 62 22 29 29 QR 35 
North Carolina 2 4_.........-- 0 0 0 0 19 13 22 30 373 250 
South Carolina ¢...........-.. 0 0 0 0 75 27 15 20 195 70 
|, Sa SE 0 0 0 0 44 26 33 33 57 34 
EEE” ccncicdititnstimdaebend 0 0 0 0 6 2 1 1 37 12 
EAST SOUTH CENTRAL 
EEE T Ee Cee 0 0 0 0 96 54 50 _ 50 193 108 
‘Tennessee a 2 1 0 0 50 28 30 71 79 44 
p S| SSRIS 0 0 0 0 32 18 26 28 40 22 
| i “ae IE TERR 0 0 0 0 15 6 13 Se: sodene 
WEST SOUTH CENTRAL 
Eas See 0 0 0 0 61 24 23 25 13 5 
TEs ciiasincainseiiantiiaianiatine 0 0 0 0 46 19 17 39 115 47 
Oklahoma ‘ 2 1 0 0 43 21 44 44 10 5 
IE Miictheccketinttinntbiniacithichateitiiedl 0 0 0 1 89 105 87 87 216 256 
MOUNTAIN 
ee aaeneees 0 0 7 0 10 1 5 5 580 60 
= 0 0 1 1 11 1 2) 1 21 2 
Wyoming 0 0 0 0 44 2 0 0 44 2 
Colorado 19 4 0 0 24 5 1 2 219 45 
New Mexico. ................ 0 0 0 0 74 6 13 8 99 8 
Arizona. 0 0 0 0 38 3 0 3 278 22 
Utah ?__.. 0 0 1 1 0 0 1 1 372 37 





See footnotes at end of table. 
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Cases of certain diseases reported by telegraph by State health officers for the week 
ended August 13, 1938, rates per 100,000 population (annual basis), and compari- 
son with corresponding week of 1937 and 5-year median—Continued 








Typhoid and paratyphoid Whooping 
Smallpox fever 





Division and State Aug. Aug. | Aug. 1988- Aug. | Aug. | Aug. 1933- Aug. = 


37 me- 37 me- 
1938, | 1938, | 1937, dian 1938, | 1938, | 1937, dian 1938, | 1938, 











| | | | a) | | 
| ou) of a) 15} 8} SBS 8} 0] 
ai #6 7] 8] 8] 5] —2067 
a} 60} 67 25} 609} 730/732 202] 4,984 



































4 
33 
16] 12,663! 7,914] 5, 290 10}. 7,591] 7,543] 8,518 170/130, 834 





1 New York City only. 

2 Rocky Mountain spotted fever, week ended Aug. 13, 1938, 11 cases as follows: Illinois, 1; Maryland, 6; 
District of Columbia, 1; Virginia, 1; North Carolina, 2. : 

3 Period ended earlier than yy 

4 Typhus fever, week ended Aug. 13, 1938, 78 cases as follows: North Carolina, 3; South Carolina, 6; 
Georgia, 41; Florida, 1; Alabama, 8; Texas, 18; California, 1. 


SUMMARY OF MONTHLY REPORTS FROM STATES 


The following summary of cases reported monthly by States is published weekly and covers only those 
States from which reports are received during the current week. 

















Menin- 
gitis, | piph- | Influ- | Mala- | Mea- | Pel- | Pollo- | gcariet| 8 Ty 
Btate menin-| Diph- u - | Mea- + | mye- t) Small- | phoid 
gococ- | teria | enza | ria sles | lagra | iii, | fever | pox 3 
cus 
June 1988 
Alaska..........--- 0 0 38 |... whale 4 0 0 
July 1988 
Arkansas_...... ee 0 27 42] 773 101 114 3 15 8 107 
di F 3 39 a 109 |_......- 3 99 70 83 
BODO... ochcactnens 1 7 Ol...----f| 298 )-.2.. 4 75 41 13 
Maryland....... Son 2 4 12 2 113 4 0 38 0 30 
Nebraska. ___.. 20 2 Ree ERE 1 14 6 1 
New Jersey - .....-- 4 29 17 3 966 j......- 3 76 0 21 
New Mexico...---- 0 1 Sed fi 2B 3 2 2B 4 16 
West Virginia_.... 4 16 a 126 1 1 55 0 35 
{RAOP 0 2 ) ee rr 0 ll 1 0 
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Summary of monthly reports from States—Continued 








June 1938 July 1938—Contd. July 1988—Contd. 
Alaska: Cases 
Chickenpox. -._......... 2 | Hookworm disease: Cases | Tetanus: Cases 
Impetigo contagiosa_-... 1 CS oes 2 Se 1 
Impetigo contagiosa: CS 1 
July 1988 | 3S 7 apenas 2 
Anthrax: Mumps: New Jersey............ 1 
Arkansas 2 0 Sea 14 New Mexico. .......... 2 
Chickenpox: | i A ST 14 | Trachoma: 
ie tiinitccinnine 15 i a ee ll 0 Sa 8 
See 28 Daaryene......ccccccence 48 Maryland.............. 1 
VI 37 DE ntcductiansede 14 New Mexico. .......... 1 
| aes 70 New Jersey............ 485 | Trichinosis: 
| era 17 New Mexico. .......... 2 re 1 
New Jersey. -.......... 336 West Virginia.......... 3| Tularaemia 
New Mexico. .......... 6 . = ee 10 pO es 9 
West Virginia.......... 56 | Ophthalmia neonatorum: SPSS 1 
>. =e 9 New Jersey. ........... 6 eT 2 
Colorado tick fever: Paratyphoid fever: Typhus fever: 
| 12 pS EEC 1  dinheconsaece 3 
_ " ~ SReesresers 2 New Jersey............ 1 
DO ....xccnceaceee 90 New Jersey............ 6 | Undulant fever: 
New Mexico........... 5 New Mexico........... 1 (ES ee 3 
Dysentery: Rabies in animals: Dc inthbdpconnaans 11 
Arkansas (amoebic) .... 6 | AS 24 Ea RECS NS 7 
Arkansas (bacillary).... 76 | SASS Seca 48 SS RTE. 8 
Indiana (amoebic)-..... 2 | en 2 New Jersey ...-........ 5 
Iowa (bacillary)-....... 5 New Jersey......-..-.. 39 New Mexico. .......... 3 
| IT 56 | Puerperal septicemia: Vincent's infection 
New Jersey (amoebic) -_. 1 New Mexico..-.-..-..-- 4 Maryland_............. 9 
New Jersey (bacillary)- 1} Rocky Mountain spotted Whooping cough: 
New Meryico (bacil- fever: CASE boi] 
at SE § Se 1 SPR 69 
New Mexico (unspeci- 2 OR SINeMerEE ES 3 Sa Eee 1 
SRE APRN 3 eee 7 SS eee 
West Virginia._......-- 56 | eee 5 DS tancniibaeinien 53 
Encephalitis, epidemic or =e 2 pe 1, 226 
lethargic: Septic sore throat: New Mexico. .......... 76 
(a 1 IN as. nindnineidintantsie 15 West Virginia_......... 206 
German measles | 2G ees 1 Wy caducecsonune 34 
St A 1 | EERE RERS 15 
, eee 13 } aes 34 
New Jersey ........-... 35 New Mexico. .......... 7 





PLAGUE INFECTION IN FLEAS AND LICE FROM GROUND SQUIRRELS 
IN SUBLETTE COUNTY, WYO. 


Under date of August 5, 1938, Senior Surgeon C. R. Eskey reported 
plague infection found in a pool of 42 fleas and 4 lice from 18 ground 
squirrels, C. elegans, shot July 25, 2 miles south of Cora, Sublette 


County, Wyo. 


PLAGUE INFECTION IN GROUND SQUIRRELS AND IN FLEAS, LICE, 
AND TICKS FROM GROUND SQUIRRELS IN LINCOLN COUNTY, 


wyo. 


Under date of July 5, 1938, Senior Surgeon C. R. Eskey reported 
plague infection in Lincoln County, Wyo., as follows: 


In specimens collected 6 to 8 miles northeast of Cokesville: In tissue from 2 
C. armatus, proved separately, shot July 9, and from 1 C. armatus shot July 22; 
in a pool of 41 fleas from 1 C. armatus, and a pool of 29 lice and 3 ticks from 2 


C. Armatus shot July 9. 
In specimens collected July 20 and 21 in the vicinity of Hamsford: In a pool 


of 129 fleas from 39 C. armatus; in a pool of 147 fleas from 74 C. armatus; and in 
a pool of 101 fleas from 49 C. armatus. 
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WEEKLY REPORTS FROM CITIES 


City reports for week ended Aug. 6, 1938 


This table summarizes the reports received weekly from a selected list of 140 cities for the purpose of 
showing a cross section of the current urban incidence of the communicable diseases listed in the table. 
















































































Diph-| Ifluenza | Mea- | Pneu-| 508! | smail-|Tuber-| (F¥;, |W POOP" Deaths, 
State and city | theria sles |monia] ger | Pox | culosis — E.% all 
CASES | Oases| Deaths| “5° deaths} cases | “25S deaths cases | cases | °24Ses 
Data for 90 cities: 
5-year average. - 99 35 12 514 296 291 4 369 92; 1,320 /........ 
Current week !. 85 33 17 441 275 230 8 304 40; 1,860 |.....-.. 
Portland _--.--- i ee 0 7 0 0 0 2 0 2 23 
New Hampshire 
Concord_._...-- ) oe 0 0 0 0 0 1 0 0 7 
Manchester - ._- | Cae 0 0 3 0 0 0 0 0 27 
Nashua. .-.-....- | amen 0 0 0 0 0 0 0 1 10 
Vermont: 
| ESSE eae 0 4 0 2 0 0 0 0 4 
Burlington... @ Rincon 0 0 0 0 0 0 0 1 10 
Rutland_....... |) 0 0 0 0, 0 0 0 0 4 
Massachusetts 
a + ra 0 23 2 ll 0 8 0 10 198 
Fall River_..... | Sa 0 1 3 1 0 0 0 1 28 
Springfield --._- ) ee 0 5 0 0 0 0 0 17 25 
orcester...... * oeee 0 0 2 0 0 1 0 3 40 
Rhode Island 
Pawtucket_-_--_- 9 eee 0 0 0 0 0 0 0 0 12 
Providence.__.- |) Se 0 0 3 2 0 3 1 14 57 
Connecticut: 
Bridgeport.._.. >) oo 0 2 1 0 0 1 1 2 21 
Hartford_-...... 1 1 0 1 3 0 0 1 2 1 36 
New Haven..-- 0 1 0 1 0 1 0 1 1 16 45 
New York: 
Buffalo .......- © Reniind 0 1 8 4 0 3 0 39 lll 
New York.....- 13 1 2 89 57 21 0 69 5 289 1, 329 
Rochester. ..... 2» Saree 1 10 0 0 0 3 1 4 61 
8 betdcod {| Sea 0 18 1 0 0 1 0 17 35 
New Jersey 
Camden.......- =. 0 0 3 0 0 1 0 4 27 
Newark.......- " } Gene 0 0 5 6 0 2 0 58 95 
Trenton........ | ae 0 0 1 0 0 1 2 15 23 
Pennsylvania: 
Philadelphia - -- 5 1 1 5 7 5 0 17 5 98 397 
Pittsburgh... 3 1 1 4 5 8 0 6 0 30 123 
Reading.......-. | a 0 0 0 0 0 0 0 3 28 
Scranton......-. OF ccsddactpdece ae 0 jee 1 | BESSEPE 
Cincinnati-..-..- 4 0 0 2 & 0 6 0 11 91 
Cleveland ...... 0 3 0 & 6 17 0 6 0 79 166 
Colum badd 3 1 1 1 8 4 0 1 0 7 57 
Toledo. . 0 0 0 4 0 0 3 0 21 69 
Anderson_...... _< Ss 0 0 1 0 0 0 0 2 10 
>) et ae ee ee ee ee SS Ee 
janapolis___. Oi neven 0 0 3 4 0 0 1 1 92 
uncie. 0 0 0 0 1 2 0 0 0 10 
South Bend... 4 0 0 1 0 0 0 1 1 14 
Terre Haute__.. 0 0 0 0 1 0 0 0 0 19 
Illinois: 
Alton. 0 0 0 0 0 0 0 0 0 ll 
Chicago-.......- 8 2 1 12 18 39 0 32 2 346 605 
Elgin 0 0 0 1 0 0 0 0 3 W 
Moline_........ are 0 0 0 1 0 0 0 1 10 
8 Scie 0 0 0 2 0 0 0 0 1 16 
Detroit_........ _) See 0 6 2 14 0 15 1 254 223 
t. 0 0 2 3 4 0 1 0 3 29 
- Grand Rapids_. 9 Se 0 10 0 6 0 1 0 4 27 
Kenosha____...- @1....2 0 0 0 0 0 0 0 14 14 
Madison. .....- 0 |--<..- 0 6 0 0 0 0 0 3 ll 
Milwaukee._... 0 1 1 5 1 5 0 1 0 158 97 
Racine. .......- | ee 0 0 0 0 0 0 0 33 18 
Superior__...... _  Caeee 0 2 0 1 0 0 0 10 13 





1 Figures for Ft. Wayne, Ind., and Salt Lake City, Utah, estimated; reports not received. 
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City reports for week ended Aug. 6, 1938—Continued 





State and city 
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Greenville...... 
Tampa.......--] 


Georgia: 


Atlanta. ....... 


Charleston -.... 
Florence 


Char 


Gastonia --..... 
Wilm 
Ww 

South Carolina: 


Knoxville... 
Nashville —_--.- 





Nebraska: 
West V 
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City reports for week ended Aug. 6, 1938—Continued 





Diph- Influenz® | yfeaq- | Pnen-| Sct Tuber- phaid 


State and city theria monia — culosis fever 
cases cases 


cases | Cases| Deaths deaths deaths 








Louisiana: 
Lake Charles_-_- 
New Orleans. -- 
Shreveport 
Oklahoma: 
— City 


oo oco 


Fort Worth--_-- 
Galveston .-_..- 


ornoe of SOKO 
eowceKS §So oro 


oroom 
coooo 


San Antonio-_._- 


Montana: 
Billings --- 
Great Falls 


oc oooo 
coc ooco 
co oococo 
oc coococo 


New Mexico: 
Albuquerque- -- 


ah: 
Salt Lake City. 


Washington: 
Seattle___ 


, 


California: 
Los Angeles. _.- 
Sacramento 


— 
-oo cS SCrKO 


1 
1 
1 
2 
1 
2 
0 
0 









































Meningitis, , Meningitis, 
meningococcus meningococcus 
State and city “ State and city 








Cases | Deaths Cases | Deaths 





Rhode Island: District of Columbia: 
Washing 


Pennsylvania: 
Pittsburgh 
linois: 


0 “4 
San Francisco........ 


oo clUmr;FKMhUOOCUC COllhlUlUlrOUWTCUCOSO 
coocsccsd = oe 
“—- DS ee ee WO MH 





























Encephalitis, epidemic or lethargic.—Cases: Cunbertent, 1; Sacramento, 1 
Pellagra.—Cases: Charleston, C., 1; Atlanta, 11; Savannah, 2 Birmingham, 1; New Orleans, 1. 
Typhus fever.—Cases: New York, 1; ” Atlanta, 1; Savannah, 2; 2 Kort W 1; Houston, 1; San Antonio, 2 


. 








FOREIGN AND INSULAR 


CANADA 


Provinces—Communicable diseases—2 weeks ended July 16, 1988.— 
During the 2 weeks ended July 16, 1938, cases of certain communicable 
diseases were reported by the Department of Pensions and National 


Health of Canada as follows: 






























































Prince New Sas- British 
Nova ue- | Onta- | Mani- Al- 
Disease Edward Bruns- katch- Colum-} Total 
Island |5C°ti@"| “Wick = toba | ‘ewan | Peta |~ bia 
Cerebrospinal menin- ' . . F 
SE (a ae Ce ee oa Cee A ee 
oS a a 12 3 34 321 129 105 20 106 730 
Lm ame Se EE a a lle 8 3 90 8 6 : Boston a = 
sentery. icqaupdieetetedineseely ~ & Iesesten 
En si _~4 SELLE SEY EGS fees - s 5 3 2 2 2 22 
PR iddibexeccocebéliosccianld he 3  aeteiie: WA MEEMB Se 1 18 
Measles... =e 41 1 lll 910 5 3 5 9] 1,085 
Pe oid To OSL Sa BR Pasecuntedlsahecuat 41 15 2 16 ; 87 
Parat _ . =n sdij—lonccedciieouveceiiosated 1 
ET OSS WAS TAR Le ee) NE Lae y 63 
, Sea ae D ipdcivinng 4 6 . are 1 1 19 
Scattet ROUGE... occcceceufenccccese 23 y 79 93 2 10 . 31 = 
il titioncescckiccemiiventtbcess —pietineiaqesdsebtadeaihtevcassad A Endotepen 
pal cnccendiptitiadeditnhdtdeslncnnhieeaeed ) a 1 6 
Tuberculosis. .........- 3 20 32 110 59 7 27 2 42 302 
Typhoid fever. ........|......-.. 2 2 20 6 2 2 1 1 36 
QRS BSE, < cccdndlecciiocondintntatsdindscsoce 2 2 . eongalbistideomaetl 4 
Whooping cough_-......}......-.-. 28 137 317 20 1 58 567 
1 For 2 weeks ended July 20, 1938. 
ITALY 


Communicable diseases—4 weeks ended May 22, 1938.—During the 
4 weeks ended May 22, 1938, cases of certain communicable diseases 


were reported in Italy as follows: 



























































Disease AMT | May 28 | May,0-15 | May 16-22 
te ia i el 
ere’ 
hickenpox S$ 436 434 610 
Diphtheria... 462 441 449 
Dysentery .- 31 14 17 34 
Measles 770 3,817 3, 656 8, 514 
Mumps._....- 315 308 263 316 
Paratyphoid fever__.. 41 45 55 41 
ellagra_. 16 68 58 5 
Poliomyelitis. 15 17 19 10 

44 26 30 25 
Scarlet fever 338 2389 314 316 
Typhoid fever. 224 230 226 215 
Undulant fever 159 159 189 165 
Whooping cough. 582 535 500 529 
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August 25, 1938 


Communicable diseases—4 weeks ended August 6, 1938.—During the 
4 weeks ended August 6, 1938, cases of certain communicable diseases 
were reported in Kingston, Jamaica, and in the island outside of 


Kingston, as follows: 
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JAMAICA 

















Other Other 
Disease Kingston localities Disease Kingston localities 
ene Ge ae rere n 3 
SS RS 2 |} SSS PRRTY 1 
Sc AEEE 6 Ve. of ee ee 2 
| TEASE 16 i. Se 56 87 
SSS: See 2 || Typhoid fever._.............. 10 27 




















PANAMA CANAL ZONE 


Notifiable diseases—April—June 1938.—During the months of April, 
May, and June 1938, certain notifiable diseases, including imported 
cases, were reported in the Panama Canal Zone and terminal cities 


as follows: 

























































April May June 
Disease 
Cases Deaths Cases Deaths Cases Deaths 

Eee CC  ) Te Diksbiendibed _ | eee 
Diphtheria... .......-- Be hescaceness _ 5 ees | eee 
Dysentery (amoebic) - 12 2 9 1 25 3 
Dysentery (bacillary)__- 7 2 1 1 s 4 
PO __ Se eee 1 oa 1 2 1 
DED nicanstdpbeduceuoudssecnquanansit 76 8 179 3 146 4 
NE ETS aS Te SRS ae ff ERE. “sth ce 
Meningococcus meningitis................|---...--.- Ss rena 1 1 
BN Rrceconcnccescencecusencecececerese 6 E Ivecnccesésbivedecens« 5 ee 
Si i0 i cn euegenmeneamennanodbadhntinnt 4, ee oy Rudeumonciat 13 
0) Sees | a, Se SY ee ree 
Tuberculosis__.. . es |) SS SAE Se 34 
EEE TIE, SAREE Meee B Gindesakens 1 1 
VRS BIVEL.... .ccccccenescecccesecesence= B [eccacondincicancnnnsetinominepetslsconssesetinaiopenene 

BE nninaninnievcuntheenewnns 12 1 _| | RE NS PRN 

1 Canal Zone only. 

SWEDEN 







Notifiable diseases—June 1938.—During the month of June 1938, 
cases of certain notifiable diseases were reported in Sweden as follows: 








Disease 


Cases 









Cerebrospinal meningitis...............-. 
EET RS PETE 
| 
Epidemic encephalitis..................- 
eS RES 





oe 








Poliomyelitis 
Scarlet fever 


Typhoid fever 
Undulant fever 
Weil’s disease 




















1 Includes only paralytic cases. 
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YUGOSLAVIA 


August 26, 1038 


Communicable diseases—4 weeks ended July 17, 1988.—During the 
4 weeks ended July 17, 1938, certain communicable diseases were 
reported in Yugoslavia as follows: 

















Disease Cases | Deaths Disease Cases | Deaths 
PE Ges Fees 7B 6 || Paratyphoid fever__.............. i... 
Cerebrospinal meningitis_.......- 30 10 || Poliomyelitis. ...........-........ y Seat 
Diphtheria and croup...........- 278 2 || Scarlet fever.................-.... 7 a... 
i l. SLUEPC ise antar's oes 65 Dl Sins deantnpenancuasanginh 6 1 
pee ee ere 140 eens cadeentdcunsansandiodh: 57 26 
Favus.... 1 PPE A re ye. FERRE t 181 19 
LAM Ra chwettadh concatcceesed | Sere Ty __ j_- SaE eeSets 29 2 
Lethargic encephalitis. _.......... 2 1 Te GINGNED., cccthcdondincimnndatts 1 1 
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